We examined the stomach contents of 87 finless porpoises (Neophocaena phocaenoides) in the Ariake SoundTachibana Bay area and Omura Bay in western Kyushu, Japan, between 1987 and 1992. Fish (Gobiidae and Atherinidae) were the most numerous and most frequently occurring prey in Omura Bay, whereas both cephalopods (Octopodidae, Sepiidae, Sepiolidae/Sepiidae, and Loliginidae) and fishes (Clupeidae, Engraulidae, and Sciaenidae) were equally important in Ariake Sound-Tachibana Bay. Species compositions in the commercial catch differed between the 2 waters, suggesting that differences in prey availability may explain the geographical variation in diet. Finless porpoises in Ariake Sound-Tachibana Bay showed ontogenetic and seasonal variations in diet. The mean length at weaning was estimated to be 101 cm, corresponding to approximately 6 months of age. Calves fed on small-sized demersal fish and cephalopods. The predominant prey species for sexually mature individuals (including lactating females) consisted of konoshiro gizzard shad (Konosirus punctatus) and cephalopods. Seasonal availability of these organisms may be related to births in the fall-winter season in Ariake Sound-Tachibana Bay. Size-dependent prey selectivity was equivocal. Day-night difference in foraging time was not indicated by the index of stomach fullness.
Finless porpoises (Neophocaena phocaenoides) are distributed in coastal or shallow waters and some rivers in the IndoPacific region (Amano 2002) . It is known that finless porpoises prey on fish, cephalopods, and crustaceans (Barros et al. 2002; Chen et al. 1979; Park et al. 2005; Pilleri and Gihr 1972; Zhou et al. 1993 ), but geographical variation exists in their diet. In Chinese waters, Yangtze finless porpoises fed on bottom fish or middle-and lower-layer fish, such as Cyprinus carpio, Xenocypris davidi, and Pseudobagrus (Chen et al. 1979) , and coastal finless porpoises preyed on icefish (Salanx), mullets (Liza), common sea bass (Lateolabrax japonicus), common mackerel (Pneumatophorus japonicus), prawns (Penaeus), and squid (Loligo-Zhou et al. 1993) . In Hong Kong waters, 25 species of fish, 3 genera of cephalopods, and a shrimp were detected in stomachs of finless porpoises (Barros et al. 2002) .
In contrast, in Korean waters, 13 species of crustaceans, 8 species of fish, and 3 species of cephalopods were identified as prey organisms (Park et al. 2005) . In Japanese waters, stomach contents of finless porpoises were examined using a small number of specimens in a limited number of waters (Kataoka et al. 1976; Masaki 1980; Shirakihara et al. 1992b) . No quantitative analyses of food habits have been published.
The distribution of porpoises within Japanese waters is discontinuous (Shirakihara et al. 1992a) , and multiple populations have been genetically identified (Yoshida et al. 2001) . Differences in calving season among populations also have been reported (Shirakihara et al. 1993) . In western Kyushu, there are 2 populations: the Ariake Sound-Tachibana Bay population and the Omura Bay population. Ariake Sound is a semiclosed inlet with a mean depth of about 20 m (Fig. 1) . The innermost area has many rivers and a vast tidal flat, whereas the area at the mouth is deep (the maximum depth 160 m) and is connected to Tachibana Bay through Hayasaki Strait. Tachibana Bay, which has a flat bottom over most of its extent, is characterized as a transition area between Ariake Sound and the open sea. In contrast, Omura Bay is an enclosed coastal sea with a mean depth of 15 m. Prey availability may differ among the 3 bodies of water.
In our study, we described the stomach contents of finless porpoises in 2 populations in western Kyushu. Then we discuss geographical variation in the diet with attention to the calving season.
MATERIALS AND METHODS
Specimens for this study were collected on the coast of Ariake Sound-Tachibana Bay area and Omura Bay between 1987 and 1992 ( Fig. 1) . We distributed leaflets among the fisheries cooperative associations near the fishing ports and asked fishermen to bring us the carcasses of bycaught finless porpoises for biological examination. When a specimen was provided, a questionnaire survey was carried out on the fishing method: soak time of the net, month at which the net was used, fish species caught, and so on. We also collected stomach contents from animals stranded or found drifting. We examined stomach contents of 78 porpoises (67 bycaught, 5 stranded, and 6 found drifting) from the Ariake Sound-Tachibana Bay area and 9 bycaught animals from Omura Bay. We met guidelines approved by the American Society of Mammalogists (Gannon et al. 2007) .
Porpoise carcasses were transported to the laboratory, where external measurements were taken and dissections took place. The entire stomach was removed from each carcass and weighed full and empty to the nearest 1 g. The contents of the fore and main stomachs were recovered by rinsing them in a sieve with a mesh size of 0.8 mm. The presence of milk was confirmed visually. When the intact or partially digested body of a fish was found, its standard length was measured in millimeters. In addition to external morphology, hard parts-the vertebral column, otoliths, cuttlebones, and cephalopod beaks-also were used in prey identification, which was done with the aid of published guides (Clarke 1986; Masuda et al. 1984; Matsubara 1979; Ohe 1985; Takahashi 1962 ) and a reference collection of otoliths assembled from fishes obtained at local fish markets. Information on the reference collection is available from MS. Identification of otoliths that were not included the collection was supported by Fumio Ohe and his collection including 1,200-1,300 species of fish (Ohe 1985) . For cephalopod beaks of Octopodidae, Sepiidae, Sepiolidae, and Loliginidae found in stomachs of porpoises (see ''Results''), lack of a complete reference collection of all species at different ontogenetic stages, similarity in beak morphology, or small size of beaks prevented identification to species level. Small-sized beaks of Sepiidae and Sepiolidae were pooled.
The number of prey consumed by each porpoise was calculated by adding the number of intact or partially digested prey to the number estimated from identified remains found in the stomach (the number of sagittal otoliths divided by 2 for fish and the greatest number of upper or lower beaks for cephalopods).
The relative importance of each prey type was determined by the number of individuals of a particular prey type divided by the number of individuals of all prey (numerical abundance [%N] ) and by the number of porpoises that had eaten each prey type divided by the number of porpoises that had eaten solid food (frequency of occurrence [%F] ).
The relative importance of each prey type in terms of mass was calculated for 5 species of fish that were dominant according to the %N or %F data: Japanese pilchard (Sardinops melanostictus), Japanese sardinella (Sardinella zunasi), ko- noshiro gizzard shad (Konosirus punctatus), Japanese anchovy (Engraulis japonicus), and white croaker (Pennahia argentata). We measured the maximum length of undigested otoliths (from the tip of the rostrum to the posterior margin) of the 5 species of fish and estimated body weight using the equations listed in Table 1 (based on samples purchased in fish markets). The mass of each fish found in a stomach was calculated as the product of the mean mass of the restored fishes and the number of individuals of the species consumed. If there were no undigested otoliths in a stomach, the mean mass was estimated from all the undigested otoliths in all the stomachs.
We classified porpoises as calves, juveniles, or sexually mature individuals on the basis of age and reproductive condition, following Shirakihara et al. (1993) . We defined a calf as an individual , 1 year old, and a juvenile as an individual ! 1 year old and sexually immature. We regarded the period from March to August as the spring-summer season and that from September to February as the fall-winter season, accounting for water temperature in Ariake Sound, which is highest in August (26-288C) and lowest in February (8-98C-Inoue 1980) . Differences in mean number of prey items, prey taxa, and wet weight between populations, ontogenetic stages (juveniles and sexually mature individuals), and seasons were tested with the nonparametric Wilcoxon rank sum test. Contingency table analysis was used to test the difference in the composition of the 12 species with a high level of %N or %F.
To examine whether larger porpoises selectively feed on larger prey, linear regression analysis was conducted using body length of porpoises and standard length of fish. We pooled data on the standard length of fish reconstructed from the otolith length and undigested fish because the difference between them was not significant (W ¼ 269, P ¼ 0.0769 for konoshiro gizzard shad; W ¼ 259, P ¼ 0.0555 for Japanese sardinella). To estimate when finless porpoises feed during a day, we compared an index of stomach fullness (wet weight of stomach content/body weight of the porpoise) of the porpoises taken during 0600-1600 h (daytime) and during 1600-0600 h (night). To estimate the body length at which half the individuals are expected to wean or begin taking solid food, we used a standard logistic equation following Archer and Robertson (2004):
where P is the probability that milk or food is present in a stomach, x is length, and a and b are parameters. For each specimen, P was recorded as 0 if milk or food was absent in a stomach or 1 if present. Parameters were estimated by a maximum-likelihood procedure. This analysis and other statistical analyses were made with the software JMP 6.0.3 (SAS Institute Inc., Cary, North Carolina).
RESULTS
Diet of porpoises in the Ariake Sound-Tachibana Bay population.-Among the 78 porpoise stomachs examined, 2 were completely empty. Only milk was found in 17 stomachs. Solid food was found in 59 stomachs, of which 3 also contained milk. Stomachs of calves and lactating females accounted for one-third and 5% of the sample, respectively ( Table 2 ). The number of stomachs collected in the fall-winter season was more than twice the number in the spring-summer season, although the fishing nets were used every month (v 2 ¼ 19.413, d.f. ¼ 11, P ¼ 0.0541). This may be related to seasonal variation in density of the porpoises, which showed a minimum in August in the middle of Ariake Sound (Shirakihara et al. 1994) .
A total of 3,267 individual prey items was found, representing 20 species of fish, 3 species of cephalopods, and 1 species of crustacean (Table 3) . Cephalopods accounted for 66.0% of the total number of prey consumed and occurred in 54 (91.5%) of 59 stomachs examined. The following 5 species of fish showed high levels of %N and %F: Clupeidae (Japanese pilchard, Japanese sardinella, and konoshiro gizzard shad), Engraulidae (Japanese anchovy), and Sciaenidae (white croaker). Small demersal fish (Gobiidae and Apogonidae) accounted for .10% of the total number of prey, with %F of 13.6% and 22.0%, respectively. Among cephalopods, 4 prey taxa (Octopodidae, Sepiidae, Sepiolidae/Sepiidae, and Loliginidae) were dominant, with .12%N and 30%F. Shrimp made up 2.5%N and 23.7%F, respectively. The above-mentioned prey items were regarded as important prey species in %N or %F. The konoshiro gizzard shad was clearly dominant in relative importance by mass, accounting for 53.6% of the total reconstructed mass of the 5 most important fish species (21,466 g). White croaker accounted for 27.7%, and the other 3 species together accounted for ,20% of the mass (12.1% for Japanese pilchard, 4.4% for Japanese anchovy, and 2.3% for Japanese sardinella). The mean number of prey items, number of prey taxa, and wet weight were 55.4 (SD ¼ 66.8, Table 3 . The %N of cephalopods exceeded 50%, with a maximum of 75.0% for juveniles. The %N of fish was the highest for sexually mature individuals (44.4%). The %N of crustaceans was low for each stage, and shrimp were not found in the stomachs of sexually mature individuals. The %F of fish was 75.0% for calves, 90.5% for juveniles, and 100.0% for sexually mature individuals. The %F of cephalopods reached approximately 90% in each stage.
For calves, small-sized demersal fish such as Gobiidae and cephalopods such as Octopodidae and Sepiidae were ranked in the top 3 for %N. Apogonidae (35.0%F), Sepiolidae/Sepiidae (60.0%F), and Loliginidae (50.0%F) had high levels of %F. For juveniles, cephalopods were the predominant prey items, but %N and %F of Clupeidae were slightly above those for calves. For sexually mature individuals, konoshiro gizzard shad, Sepiidae, and Loliginidae had the high levels of %N or %F. Approximately one-fifth of the sexually mature individuals fed on white croaker. No Gobiidae were found in the stomachs of sexually mature individuals. A significant difference was detected in the composition of 12 selected important prey items (7 fishes, 4 cephalopods, and 1 crustacean) among the ontogenetic stages (v 2 ¼ 1,561.56, d.f. ¼ 22, P , 0.0001). There was no significant difference between juveniles and sexually mature individuals in the mean number of prey taxa (W ¼ 312.5, P ¼ 0.182) or in the mean wet weight of stomach contents (W ¼ 274, P ¼ 0.7028), although the mean number of prey items for juveniles was larger than that for sexually mature individuals (W ¼ 287.5, P ¼ 0.0425).
The standard length of the fish consumed ranged from 5.3 to 32.5 cm. The larger porpoises tended to feed on smaller fish (F ¼ 38.05, d.f. ¼ 1, P , 0.0001), but the same analysis using the data for konoshiro gizzard shad ranging from 10.8 to 19.9 cm or Japanese anchovy ranging from 7.1 to 10.3 cm showed that the larger porpoises tended to prey on larger shad (F ¼ 6.90, d.f. ¼ 1, P ¼ 0.0136). No significant difference was detected for Japanese anchovy (F ¼ 2.49, d.f. ¼ 1, P ¼ 0.1182). Taking into consideration that a juvenile porpoise with a body length of 134.0 cm consumed a 32.0-cm conger (Gnathophis) and another calf, 108.0 cm long, fed on a 32.5-cm green eelgoby (Odontamblyopus lacepedii), size-dependent prey selectivity may be not clear for finless porpoises.
Onset of feeding in the Ariake Sound-Tachibana Bay population.-Only milk was found in 17 stomachs of calves , 99.5 cm in body length. We found Sepiolidae/Sepiidae and milk in the stomachs of 3 individuals 99.5 cm, 100.5 cm, and 107.0 cm in body length. Milk was not detected in the stomach of a calf 93.5 cm in body length, which had fed on Apogonidae and Gobiidae. Two other calves, each 104.0 cm in body length, fed on unidentified fish and Sepiolidae/Sepiidae. The calves had preyed on Gobiidae, Apogonidae, or Sepiolidae/Sepiidae, suggesting that they begin to feed by taking small-sized individuals of demersal fishes, cuttlefishes, or bobtail squid.
The logistic regression analysis yielded the following equations of the probability of milk or food: where x is body length of the porpoise in centimeter. Body length at which 50% of individuals wean or take solid food was estimated to be 101 cm (95% confidence interval [95% CI] ¼ 95-105 cm) and 98 cm (95% CI ¼ 92-103 cm).
Seasonal variation in diet of porpoises in the Ariake SoundTachibana Bay population.-The %N of cephalopods was 76.5% in the spring-summer season and 60.4% in the fallwinter season, respectively (Fig. 2) . The %F of cephalopods was 88.4% in the fall-winter season, whereas all the porpoises fed on cephalopods in the spring-summer season. The %N values of Clupeidae and Sepiidae were high in the fall-winter season, whereas those of Octopodidae and Sepiolidae/Sepiidae were high in the spring-summer season. The %F of konoshiro gizzard shad and Sepiidae showed a high level in the fallwinter season. A significant difference was detected in the composition of 12 selected important prey items between the seasons (v 2 ¼ 565.05, d.f. ¼ 11, P , 0.0001). No significant difference was detected between the 2 seasons in mean number of prey items (W ¼ 511, P ¼ 0.6029), prey taxa (W ¼ 505.5, P ¼ 0.6673), or wet weight (W ¼ 242, P ¼ 0.149).
Three lactating females were collected in the fall-winter season. One who was simultaneously pregnant had consumed 20 individual shad. This was the highest number consumed by a porpoise in the sample. Another lactating female had the heaviest stomach contents (wet weight 809 g) in the sample and preyed on 17 individual shad (mean estimated body length 17.8 cm, mean estimated body weight 91 g). Shad showed the highest %N (27.4%), followed by Loliginidae (26.7%), Octopodidae (18.5%), and Sepiolidae/Sepiidae (11.9%) in lactating females.
Foraging time in the Ariake Sound-Tachibana Bay population.-The mean of the index of stomach fullness was not significantly different between day and night (W ¼ 51, P ¼ 0.8016). The means for day and night were 0.43% (n ¼ 6, SD ¼ 0.31%, range ¼ 0.12-0.90%) and 0.63% (n ¼ 11, SD ¼ 0.60%, range ¼ 0.02-1.92%), respectively. The maximum value was obtained at night. Xiao et al. (2005) mentioned that no clear diurnal rhythm was found in behavior of finless porpoises in captivity.
Diet of porpoises in the Omura Bay population.-All of the stomachs of 9 porpoises (1 calf, 3 juveniles, and 5 sexually mature individuals) contained food remains. Fish made up 90.6%N and 88.9%F (Table 3) . Gobiidae with 81.7%N and 55.6%F and Atherinidae (Sumatran silverside [Hypoatherina valenciennei]) with 6.5%N and 33.3%F showed the major contributions, but Clupeidae and cephalopods were present at low levels.
Differences in diet between populations.-Because ontogenetic and seasonal variations were found in the diets of porpoises in the Ariake Sound-Tachibana Bay area, we compared the %N of fish, cephalopods, and crustaceans of juveniles and sexually mature individuals collected in the spring-summer season between the populations (Fig. 3) . Cephalopods had higher %N in the Ariake Sound-Tachibana Bay area (81.0%), whereas fishes were prominent in Omura Bay (90.5%). The next highest-level taxon was fish in the former area and crustaceans in Omura Bay. Clupeidae (except konoshiro gizzard shad), white croaker, Octopodidae, Sepiidae, and Sepiolidae/Sepiidae were absent in stomachs of finless porpoises in Omura Bay. The composition of 12 important prey items was significantly different between the 2 populations (v 2 ¼ 1,342.6, d.f. ¼ 11, P , 0.0001). No significant differences in the 3 parameters of mean number of prey items (W ¼ 54.5, P ¼ 0.9077), prey taxa (W ¼ 47, P ¼ 0.3191), and wet weight (W ¼ 38.5, P ¼ 0.6678) were detected between the 2 populations.
DISCUSSION
Finless porpoises in western Kyushu fed on various species of fishes, cephalopods, and crustaceans. These findings are consistent with those observed in Hong Kong waters (Barros et al. 2002) and Korean waters (Park et al. 2005) . However, prey composition of the diets differed among the areas. In the Ariake Sound-Tachibana Bay area, cephalopods were the most numerous component. In contrast, fish predominated in Omura Bay and Hong Kong waters (Barros et al. 2002) , and crustaceans predominated in Korea (Park et al. 2005) . Geographical variation in diet may reflect differences in availability and selectivity of prey. Here we focus on differences in prey availability between the Ariake Sound-Tachibana Bay area and Omura Bay.
Ariake Sound surpasses Omura Bay with respect to species richness of fishes and cephalopods. Approximately 250 species of fish and 13 species of cephalopods may occur in Ariake Sound (Kikuchi 2001) , whereas 107 species of fish and 10 species of cephalopods are confirmed in Omura Bay (Takita 1985) . A geographical difference in the number of prey items detected (40 prey items in the Ariake Sound-Tachibana Bay area and 12 in Omura Bay) may reflect not only a difference in the sample size of the porpoises but also the difference in species richness. For example, a green eelgoby, which is endemic to the sound in Japan (Takita 2001) , was found in a stomach of a porpoise. Commercial catch statistics of fish, cephalopods, and shrimp indicated that fish were dominant in the catch in Ariake Sound, Tachibana Bay, and Omura Bay (Table 4) , but species compositions differed: the fish species with the dominant catch was konoshiro gizzard shad in Ariake Sound and Japanese pilchard together with Japanese anchovy in Tachibana Bay. Cephalopods were likely to be more abundant than shrimp in Ariake Sound, whereas shrimp was likely to be abundant in Omura Bay, with the highest percentage of 13.6% of total catch. These differences may explain the geographical difference in diet between populations. In Omura Bay, shoals of Gobiidae have been observed in the marginal areas of oxygen-deficient waters that occur frequently (Takita 1985) . The high %N of Gobiidae in the bay may be attributed to a high level of availability of this fish.
Some prey selectivity exists. Sea breams were commercially important, with a high level of catch in Ariake Sound and Omura Bay (Table 4 ), but they were not confirmed in stomachs of finless porpoises. Other evidence is given by our questionnaire survey of the fishermen who provided the specimens of the porpoises. Of the species captured by fishing nets in which the porpoises were entangled, gurnard, Japanese whiting, sea bream, bastard halibut, flounder, tonguefish, filefish, marbled rockfish, puffer fish, and crabs were not confirmed in the stomachs. Shirakihara et al. (1993) indicated the parturition season of finless porpoises differed between western Kyushu areas and other Japanese waters of the Inland Sea and the Ise BayMikawa Bay area. Because they did not specify the season by population in western Kyushu, we reanalyzed the data they used. The parturition season for the Ariake Sound-Tachibana Bay population was from August to March with a peak in November-December and an indistinct peak in March. The parturition season for the Omura Bay population was not clear because of a small sample size, but examination of aerial sighting data of mother and calf pairs indicates that the season may be from spring to summer (K. Shirakihara, in litt.). In Inland Sea and the Ise Bay-Mikawa Bay area, the parturition season is from March to August with a distinct peak in April (Furuta et al. 1989; Kasuya and Kureha 1979) .
Calves born in the fall-winter season will be taking solid food in spring to summer in the Ariake Sound-Tachibana Bay area, because mean length at weaning of 101 cm (95% CI ¼ 95-105 cm) corresponds to approximately 6 months (4-8 months) of age according to the growth equation given by Shirakihara et al. (1993) . This is almost consistent with the observation of finless porpoises in captivity: 2 calves that were considered to be weaned smoothly began to feed on solid food at 120 and 132 days of age (Furuta 2008; M. Furuta, Toba Aquarium, pers. comm.) . Finless porpoises began to take solid food at 6-12 months of age in Hong Kong waters (Barros et al. 2002) . Kasuya and Kureha (1979) estimated that finless porpoises may be weaned at ages ranging from 6 to 15 months and commonly have a 2-year breeding cycle. Reproduction may be related to seasonal availability of important food items for cetacean mothers or weaning calves if there are substantial seasonal changes in prey availability (Whitehead and Mann 2000) . Harbor porpoise (Phocoena phocoena) calves are considered to be born when maternal prey is abundant and of high quality (Börjesson and Read 2003). The prey of shortfinned pilot whales (Globicephala macrorhynchus) appears to be abundant when most calves are expected to wean (Kasuya and Tai 1993) . Birth in the Ariake Sound-Tachibana Bay area takes place mainly in fall and winter, when the water temperature is decreasing. Although monthly catch statistics are undisclosed, reported prey occurrence or distribution showed that there may be seasonal changes of prey availability in the Ariake Sound-Tachibana Bay area. Konoshiro gizzard shad appears to be an important prey for lactating females as well as other individuals. This species, which inhabits the sound all year and lives for at least 3 years (Takita 1978) , showed high levels of %N and %F in the fall-winter season.
Few finless porpoises were sighted in shallow waters , 5 m deep in the sound in daylight hours (Yoshida et al. 1997) . Similarly low numbers of sightings in waters , 10 m deep also were reported for other Japanese waters (Amano et al. 2003; Shirakihara et al. 2007) . A low contribution of konoshiro gizzard shad as prey in spring to summer may be related to its migration to shallow waters in spring to fall (Takita 1978; Takita et al. 2003) . The main weaning season of spring to summer almost coincides with the spawning seasons of prey of weaning calves. Gobiidae and most of the cephalopods spawn from spring to summer and from early spring to early fall, respectively (Takita 1980 ; Y. Natsukari, Nagasaki University, pers. comm.). Although it is unknown whether availability of a prey species becomes high during its spawning season, Hirai and Nishinokubi (2004) reported that small cuttlefish (mantle length , 9.0 cm) accounted for 52.6% of the total catch by small-scale trawlers in February in Ariake Sound. In addition, cuttlefish appear to spawn 3 or 4 months earlier than that in the Inland Sea, Mikawa Bay or Tokyo Bay, and in January to June in Ariake Sound (Watanuki and Kawamura 1999) . The fall-winter season of birth of finless porpoises may be related to the seasonal availability of shad or cephalopods in the Ariake Sound-Tachibana Bay area.
